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ABSTRACT

The modification and detoxication of the N-methylcarbamate
insecticide carbofuran has been studied in a variety of plants,
mammals, and insects, however little is known concerning the metabo
lism of the compound by soil microorganisms.

The research presented

in this dissertation represents the first report of the metabolism
of carbofuran by a microorganism.
A soil isolate, identified as Aspergillus terreus. was shown to
modify carbofuran extensively while growing in an enriched culture
medium.

At least eight different carbofuran metabolites were detected

in dlchloromethane extracts of the fungal culture.

The identities and

probable identities of several carbofuran metabolites in the culture
medium extracts were determined by thin-layer cochromatography, gas
chromatography, and mass spectrometry.

Compounds identified with cer

tainty were carbofuran phenol and 3-hydroxy carbofuran phenol.

Tenta

tively identified metabolites were 3-keto carbofuran phenol, N-hydroxymethyl carbofuran, and 3-hydroxy carbofuran.

Other metabolites detected

in the extracts were thought to be modified at the 3-position by
hydroxylation and/or the carbamate group by hydroxylation or demetKylatlon.
Analyses of A. terreus culture systems containing ^C-labeled
carbofuran showed a significant decrease in radioactivity over a 30-day
period in dlchloromethane extracts and a corresponding increase in
radioactivity in the extracted culture medium.

ix

This suggested the

further modification of the organo-extractable carbofuran metabolites
to more water-soluble compounds.

Treatment of residues of extracted

culture systems with acid resulted in liberation of radioactive organoextractable compounds.

Several of the liberated compounds had Rf

values similar to metabolites observed in the initial dlchloromethane
extracts, indicating that the water-soluble compounds might be conju
gates of the organo-extractable metabolites.

However, treatment of an

extracted culture medium residue with S-glucosidase, p-glucuronidase,
aryl sulfatase, and acid phospatase failed to liberate radioactive
organo-extractable compounds.

It was concluded that the water-soluble

metabolites, if conjugates, were not glucosides, glucuronides, sulfates,
or phosphates.
A.terreus was also shown to have the capacity to modify carbo
furan phenol and eight other N-methylcarbamate insecticides.
Based on the reported ubiquitous distribution of A. terreus
in soil and its demonstrated capacity to modify carbofuran, carbo
furan phenol, and other N-methylcarbamate insecticides, it is thought
that the organism may play a significant role in determining the
efficiency, toxicity, and persistence of this group of insecticides.

x

INTRODUCTION

Since the synthesis of the first insecticidal carbamates
(Wiesmann, 1951; Wiesmann, et sJL. 1951), thousands of esters of
carbamlc acid have been tested for insecticidal activity.

Those

which are connerclally produced and extensively used are predominantly
monomethyl derivatives of carbamlc acid esters (Dorough, 1970).
Although chlorinated hydrocarbon and organophosphate compounds
still dominate the insecticide market, the sale of carbamates is
steadily Increasing (Schlagbauer and Schlagbauer, 1972).

It seems

highly probable that with the decreasing use of chlorinated hydro
carbon insecticides, the increase in the utilization of insecticidal
carbamates will continue.
As pointed out by Ruhr (1970), a prerequisite for the introduc
tion of new carbamates and the safe and effective use of those already
available is a thorough knowledge of these insecticides.

Although

numerous studies of the metabolism of these compounds have been made
in a variety of plants, insects, and mammals (Dorough, 1970; Ruhr,
1970; Schlagbauer, and Schlagbauer, 1972), little was published prior
to 1970 on the metabolism of carbamate insecticides by soil micro
organisms.

Since microorganisms are known to participate in the modi

fication and/or degradation of a large number of pesticides (Menzie,
1969), it was felt that an attempt to demonstrate microbial metabolism
of a methylcarbamate insecticide was warranted.

Carbofuran (2,3-dlhy-

dro-2,2-dlmethyl-7-benzofuranyl-N-nethylcarbamate), a promising
systemic insecticide, was selected for study.

1

This research centers on

2
the metabolism of carbofuran by a soli microorganism Identified as
Aspergillus terreus.

In addition, a brief survey of the organism's

ability to metabolize several other methylcarbamates is reported.
The review of the literature will include studies concerned
with the metabolism of carbofuran and other methylcarbamates in plant,
mammal, and insect systems.

In order to cover more adequately studies

on carbofuran metabolism, the section on metabolism of other methyl
carbamates will be limited to the general types of reactions that are
known to occur.

In addition, the metabolism of methylcarbamate

insecticides by microorganisms will be discussed.

LITERATURE REVIEW
General Metabolic Patterns of the Methylcarbamates
Based on a number of studies (Kolbenzen et al. 1954; Casida
and Augustinsson, 1959; Casida and Jonsson, 1960), hydrolysis of the
carbamate ester linkage was thought to be the predominant mode of
metabolism of methylcarbamate insecticides until the report of Hodgson
and Casida appeared in 1961.

While working with a rat liver mlcrosome

system which required reduced NAD and oxygen, they detected metabolites
which supported the view that oxidative pathways function in the
metabolism of the carbamates tested.

Since the publication of the

above report, knowledge concerning the metabolism of these insecti
cides has Increased greatly.

Hydrolysis, oxidative attack, and con

jugate formation have been shown to occur in a large number of plants,
mammals, and Insects (Dorough, 1970; Kuhr, 1970; Schlagbauer and
Schlagbauer, 1'972).
Kuhr (1970), in reviewing oxidative metabolism of methylcarba
mates, reported the following types of reactions to have been demon
strated in plants:

ring hydroxylation; N-methylhydroxylatlon;

benzylic carbon hydroxylation; 0-dealkylation; N-demethylation; and
sulfoxidation.

Similar oxidative reactions have been reported in

mammals (Dorough, 1970) and Insects (Kuhr, 1970).
Following hydrolytic and/or oxidative attack on methylcarba
mates, plant, mammal, and insect systems convert the hydroxyl contain
ing metabolites to polar substances, some of which have been shown to
be conjugates.

Conjugates of unmetabolized parent carbamates also

3
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have been reported (Schlagbauer and Schlagbauer, 1972).

The predominant

conjugating moieties are reported to be glucose, glucuronic acid, sul
fate, and phosphate (Dorough, 1970 and Kuhr, 1970).
Although the metabolic patterns of this group of insecticides
have many similarities, the importance of each type of metabolism
appears to be dependent on the metabolic system and the carbamate
being metabolized.

Kuhr (1970) reports that hydrolysis of the carba

mate ester linkage in plants and insects is usually slow and hence
oxidative attack is favored.

However in warm-blooded animals, hydro

lysis seems more important and is the major degradative pathway for
some carbamates (Dorough, 1970).

Differences also exist in the con

jugating moieties in plants, mammals and insects.

Dorough (1970)

reports that in animals, sulfate and/or glucuronlde conjugates of the
hydroxylated carbamate metabolites predominate; whereas in plants many
are glucosides (Kuhr, 1970) and some are glucuronides (Schlagbauer
and Schlagbauer, 1972).

Insects have been reported to form glucuronlde,

glucoslde, sulfate, and phosphate conjugates (Schlagbauer and Schlag
bauer, 1972).

Metabolism of Carbofuran
The common and chemical names of the known hydrolytic and oxida
tive metabolites of carbofura' are shown in Table 1.

The corresponding

chemical structures are shown in Figure 1.
Although no published reports of microbial metabolism of
carbofuran exists, a number of studies describe the metabolism of this
compound in plants, insects, and mammals.

The first study concerning

the metabolism of carbofuran was that of Metcalf et al. in 1967.
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The exposure of houseflies CMusca domestics) to carbofuran R e 
labeled at the carbonyl group of the carbamate ester linkage resulted
in the release of R c carbon dioxide.

This release indicated hydro

lysis of the ester linkage.

TABLE 1
COMMON AND CHEMICAL NAMES OF KNOWN HYDROLYTIC
AND OXIDATIVE METABOLITES OF CARBOFURAN

Common Name

I

Chemical Name

carbofuran

2.3-dihydro-2,2-dimethyl-7-benzofuranylN-methylcarbamate

3-hydroxy-carbofuran

2 .3-dihydro-2,2-dimethyl-3-hydroxy-7benzofuranyl-N-methylcarbamate

III

3-keto-carbofuran

2 .3-dihydro-2,2-dimethyl-3-keto-7benzofuranyl-N-methylcarbamate

IV

carbofuran phenol

2 .3-dihydro-2,2-dimethy1-7-hydroxy
benzofuran

V

N-hydroxymethylcarbofuran

2 ,3-dihydro-2,2-dimethyl-7-benzofuranylN-hydroxy methylcarbamate

VI

3-keto-6-hydroxy
carbofuran

2 .3-dihydro-2,2-dimethyl-3-keto-6hydroxy-7-benzofuranyl-N-methylcarbamate

VII

3-keto-carbofuran
phenol

2 .3-dihydro-2,2-d imethyl-3-keto-7hydroxy benzofuran

VIII

3-hydroxy-carbofuran
phenol

2 .3-dihydro-2,2-dimethyl-3,7-dihydroxy
benzofuran

IX

3-hydroxy-N-hydroxymethyl carbofuran

2 .3-dihydro-2,2-dimethyl-3-hydroxy-7benzofuranyl-N-hydroxymethylcarbamate

II

In 1968, Metcalf e_t a_i. published an extensive report on the
metabolism of carbofuran in the following systems:

isolated cotton
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leaves; Intact cotton plants; Isolated corn leaves; Insects; mice and
an in vitro microsomal oxidase system from the housefly.

These

workers concluded that in the above systems, the key metabolites are
produced by hydroxylation and subsequent oxidation at the benzylic
carbon atom of carbofuran.

Metabolites Identified with certainty

were 3-hydroxy carbofuran, 3-keto carbofuran, 3-hydroxy carbofuran
phenol, and carbofuran phenol.

A metabolite found only in the micro

somal oxidase system was tentatively identified as 3-keto-6-hydroxy
carbofuran.

Hydroxyl containing compounds were found to be present in

the free form and as conjugates.

Infrared and mass spectrometry

identified the major conjugate of the cotton plant as the glucoslde of
3-keto carbofuran phenol.
In another study, Dorough (1968a) concluded that in rats and
houseflies carbofuran was metabolized by both hydrolytic and oxida
tive mechanisms.

As reported by Metcalf et al^. (1968) the major

step in oxidative metabolism was the formation of 3-hydroxy carbofuran,
a compound which became either conjugated or oxidized further to
3-keto carbofuran.

The 3-keto compound was metabolized further by

hydrolysis and conjugation.

Other metabolites detected were carbo

furan phenol and its conjugates, 3-hydroxy-N-hydroxymethyl carbofuran
and its conjugates, N-hydroxymethyl carbofuran, and 3-hydroxy carbo
furan phenol.
Upon injection of ^C-labeled carbofuran into the stems of
bean plants, Dorough (1968b) detected the following metabolites free
and as the conjugates:

3-hydroxy-N-hydroxymethyl carbofuran; 3-keto

carbofuran; and 3-hydroxy carbofuran phenol.

The metabolites 3-hydroxy

carbofuran and 3-keto carbofuran phenol were found only as conjugates .
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Figure 1

Structures of known hydrolytic and oxidative carbofuran
metabolites. Roman numerals correspond to chemical
names (Table 1).
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Carbofuran phenol was detected only in the free form.
In another study concerning the metabolism of carbofuran in
plants, Knaak et al. (1968) reported that in alfalfa the insecticide
was converted to 3-hydroxy carbofuran phenol, and 3-hydroxy carbofuran
phenol, as well as acid labile conjugates of the above metabolites.
Ivie and Dorough (1968) studying carbofuran metabolism in
cows, found that after oral administration of

l ^ C - l a b e l e d

carbofuran,

about 0 .27.of the dose was eliminated in milk, 0.77. in the feces;
and 947. in the urine.

Analysis of the urine showed 3-hydroxy carbo

furan, 3-hydroxy-N-hydroxymethyl carbofuran, 3-hydroxy carbofuran
phenol, and 3-ketc carbofuran phenol, and carbofuran phenol.
metabolites were seen in feces and milk.

Similar

Hydroxylated metabolites

occurred in both free and conjugated forms.

In a similar study,

Knaak et. al. (1968) reported that ring -

labeled carbofuran

metabolites were excreted in the urine (837.), feces (2.97.), and milk
(0.5%).

Free 3-hydroxy carbofuran, sulfate and glucuronlde conju

gates of carbofuran phenol, 3-keto carbofuran phenol, and 3-hydroxy
carbofuran phenol were identified from the urine.
In a recent study to determine toxicity and metabolism of
carbofuran in the earthworm (Lumbricus terrestris), Sternersen et al.
(1973) found that worms injected with the insecticide excreted the
parent compound, 3-hydroxy carbofuran, and at least two unidentified
products.

Metabolism of Methylcarbamate Insecticides by Microorganisms
In the first report concerning microbial metabolism of a
methylcarbamate insecticide (Boush and Matsumura, 1967) Pseudomonas
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melophthora. an extracellular bacterial symbiote of the apple maggot,
was shown to degrade se ;eral Insecticides including the methylcarba
mate carbaryl (1-naphthyl-N-methylcarbamate). The metabolites
Included 1-naphthol and unidentified polar substance.

In a later

study, Matsumura and Boush (1968) observed that the soil fungus
Trichoderma viride could weakly attack carbaryl in a manner presumed
to be oxidative.
The influence of a source of nitrogen on carbaryl degradation
was shown by Tewfik and Hamdi (1970).

A.bacterial soil Isolate

capable of utilizing carbaryl as the sole* source of carbon and nitro
gen showed complete utilization of 350 ppm carbaryl in 5 days in the
absence of the nitrogen source (NH^^SO,^.

In the presence of the

nitrogen source disappearance of the compound required 3 weeks.
metabolites were not identified.

The

In a similar study, Sud e_t al.

(1972), reported the isolation of a strain of Achromobacter capable
of utilizing carbaryl as sole carbon source in an inorganic salts
medium.

The four degradation products of carbaryl identified were

1-naphthol, hydroquinone, catechol, and pyruvate.
Several investigations have Indicated that carbaryl metabolism
by soil microorganisms varies with the soil isolate.

Hydrolysis pre

dominates in some microorganisms, while others are oxidative.
Pseudomonas phaseolicola and Aspergillus nlger hydrolyzed carbaryl
to 1-naphthol and only one other metabolite (Zuberi and Zubalri,
1971).

Bollag and Liu (1971) also reported that carbaryl was degraded

to 1-naphthol by several soil microorganisms, including Fusarlum
solani. Evidence also indicated further metabolism of 1-naphthol by
mixtures of the soil organisms.
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Strong oxidative metabolism of carbaryl by the fungus
Gliocladium roseum was noted by Liu and Bollag (1971a), who identi
fied the following metabolites: 1-naphthyl-N-hydroxymethylcarbamate,
4-hydroxy-l-naphthyl methylcarbamate, and 5-hydroxy-l-naphthyl
methylcarbamate.

Although they were unable to detect 1-naphthol,

these workers thought that 1-naphthol may have been produced and
further metabolized by the fungus.

In another paper, Liu and Bollag

(1971b) demonstrated that Aspergillus terreus produced 1-naphthyl
carbamate from 1-naphthyl-N-hydroxymethyl carbamate.

In vivo hydro

lysis of the 1-naphthyl carbamate resulted in the formation of
1-naphthol which was further degraded by the fungus.

In the fourth

study Bollag and Liu (1972) found that cell-free Fusarium solani
extracts exposed to l-naphthol-l-l^C released virtually all the radio
activity as l^C-carbon dioxide, indicating extensive degradation and
ring breakage.

The metabolites of the degradative process were not

identified.
The previously mentioned studies on carbaryl metabolism by
soil microbes infer that microorganisms may participate in the degra
dation of these insecticides in soil.
to the above statement.

Recent reports lend support

Kazano e£ al. (1972) observed the metabolism

of carbaryl and 3,5-xylyl methylcarbamate in soils.

It was concluded

that hydrolysis of the carbamate ester linkage is the major pathway
of metabolism in soils; however, oxidative metabolites of carbaryl
were also detected.

They were tentatively Identified as 1-naphthyl-

N-hydroxymethylcarbamate, 4-hydroxy-l-naphthyl methylcarbamate, and
5-hydroxy-l-naphthyl methylcarbamate, all of which were reported as
carbaryl metabolites in the study of Bollag and Liu (1971a).

Recently

the methylcarbamate Insecticide methomyl (methyl-N[(methylcarbamoyl)
oxy] thioacetimidate) has also been shown to undergo microbial degra
dation in soils (Harvey and Pease, 1973).

The above reports of the

microbial metabolism of N-methylcarbamate insecticides in soil seem
to make much more meaningful the microbe mediated transformation of
these compounds in non-soil laboratory systems.

MATERIALS AND METHODS
I.

Chemicals
A.

Authentic Samples of Carbofuran and Its Metabolites

Carbofuran, 3-hydroxy carbofuran, 3-keto carbofuran, and
3-keto carbofuran phenol were supplied by FMC corporation, Niagra
Chemical Division (Middleport, N. Y.).
was

N-hydroxymethyl carbofuran

agift of T. R. Fukuto, University of California, Riverside.
The carbofuran used throughout this study was recrystallized

twice from acetone after decolorization with activated charcoal.
Carbofuran phenol was prepared by the method described by
Metcalf et Al. (1968), by treating 10 g of carbofuran with 12 g of
potassium hydroxide in 250 ml of 95Z ethanol.

The mixture was acidi

fied to pH 1 with hydrochloric acid and extracted twice with diethylether.

After evaporation of the solvent, the product was chromato

graphed through a 2x30 cm silicic acid column in an ether-hexane
(l:lv/v) solvent system.

The recovered product yielded only one

spot upon analysis by thin-layer chromatography.
The hydrolysis product of 3-hydroxy carbofuran was prepared by
heating the compound

in boiling water for 1 hour (McCarthy, 1972).

The resulting 3-hydroxy carbofuran phenol was recovered by extraction
in diethylether.
B.

^C-labeled Carbofuran

The aromatic ring-uniformly labeled l^C-carbofuran used in this
investigation was obtained from Malllnckrodt Chemical (St. Louis, Mo.).
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The sample had a specific activity of 2.85 mCi/nM and a radiochemical
purity of greater than 98%.
C.

Organic Solvents

All organic solvents used In this study were reagent grade.
Dlchloromethane was routinely collected on a flash evaporator and
then distilled for further use.

II.

Isolation. Identification, and Maintenance of the Carbofuran
Metabolizing Microorganism.
The fungus was Isolated from a soil perfusion system (Kaufman,

1966) after percolation of an aqueous solution bf carbofuran (100
ixg/ml) for 21 days.

Dilutions of the soil were plated on Mycologi-

cal Agar (Difco) containing 100 ppm of both penicillin G and streptomycin sulfate as described by Liu and Bollag (1971a).

Isolated fungal

colonies were transferred to Mycological Agar slants and subsequently
tested for their capacity to metabolize carbofuran.

Although

several Isolates were capable of metabolizing the Insecticide, the
fungus chosen for this study appeared to be the most active.

The

organism was maintained as conidiospore stocks on silica gel stored
at 4°C (Perkins, 1962).
Identification of the fungus was based on both cultural and
morphological characteristics as described by Thom and Raper (1945).

III.

The Carbofuran Metabolizing System
A.

Culture Medium

The liquid medium used throughout this study was that described
by Liu and Bollag (1971a).

The components were Nutrient Broth (Difco),

15
8g; Yeast Extract (Difco), lg; dextrose, 10 g; Na^PO^'^O, 6g;
Na2PH0^, 0.5g; and 1 1 distilled water (final pH 6.0).

The medium

was routinely dispensed into 500 ml Erlenmeyer flask in 100 ml por
tions and autoclaved for 15 minutes at 12l°C.

Upon cooling to room

temperature, carbofuran (10% in acetone) was added in the proportion
of 100 p,g/ml culture medium.
B.

Preparation ojE the Fungus Inoculum

The inoculum was prepared by seeding Mycological Agar slants
with conidiospores from a silica gel stock.

After incubation for 14

days at room temperature, spore suspensions were prepared by pipetting
5 ml of sterile medium onto the slants and agitating the slant vigor
ously on a vortex mixer.

The resulting suspension was transferred to

a sterile test tube and the spores were then quantitated using a
hemacytometer.

The number of spores/ml was adjusted by dilution with

sterile culture medium to 1-1.5xl0^/ml. The flasks were then inocu
lated with a volume of the suspension suitable to provide 1-1.5x10^
spores/ml culture medium.

Appropriate control flasks were also pre

pared.
C.

Incubation Conditions

All flasks were incubated at ambient temperature (23-25°C) on
a rotary shaker at 290 rpm.

Flasks were removed at intervals and

examined for evidence of metabolism of carbofuran as follows:
D.

Removal of the Fungal Mycelia

The fungus was separated from the culture medium by filtration
through two layers of cheese cloth on a Buchner funnel under partial
vacuum.

If the mycelia were to be recovered, filter paper (Whatman

no. 1) was used rather than cheese cloth.
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E.

Detection of Carbofuran Metabolism
1.

Extraction. After the addition of one drop of Dow-

Corning Antifoam A, each filtrate was extracted three times with
double volumes of dichloromethane.

The extracts from each filtrate

were combined and dried over anhydrous sodium sulfate.

The solvent

was removed on a flash evaporator (Buchler Instruments, Fort Lee,
N. J.) at 34°C and the residue dissolved in 10 ml methanol.
2.

Colorimetric determination of carbofuran.

If colori

metric determination of the Insecticide was to be made, the extrac
tion process was modified as follows.

Aliquots (10.5 ml) from the

test systems were centrifuged at 7500 rpm for 10 minutes in a Sorvall
angle centrifuge to pellet the mycelia present.

The supernatant

liquid (10 ml) was extracted three times with an equal volume of
dichloromethane. One gram of anhydrous sodium sulfate was then added
to the combined extracts and the solvent was removed by evaporation
with a gentle air stream.

The residue was dissolved in 10 ml of

methanol and the sodium sulfate was pelleted by centrifugation.

The

supernatant liquid was decanted and 0.5 and 1.0 ml samples were taken
for the colorimetric determination of carbofuran by a modification of
a method for carbaryl (Miskus et al.. 1959).

Each sample was diluted

to 5 ml with methanol and treated with 1 ml of 0.5 N NaOH in methanol.
After standing at room temperature for 90 minutes, 1 ml of freshly
prepared 0.057. methanollc p-nltrobenzenediazonium tetrafluoroborate
(Eastman, Rochester, N. Y.) was added to each tube and color was
allowed to develop for 20 minutes.

Each tube was then diluted to 10 ml

with methanol and the optical density determined at 520 nm.

Standard
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curves were prepared with each determination using 10 , 20 , 30, 40, an
50

samples oi carbofuran.
3.

Thin-layer chromatography. Standard thin-layer

chromatographic techniques were used for the separation of carbofuran
and its metabolites.

For routine analysis, 20x20 cm glass plates

coated with silica gel G (E. Merck, Dormstadt, Germany) of 240 micron
thickness were prepared from a slurry composed of 34 g of silica gel
and 60 ml of distilled water.

The plates were conditioned at 100°C

for 45 minutes prior to use.
Solvent systems employed were ether-hexane 3:1 v/v and
ether-hexane 1:1 v/v as described by Metcalf et al. 1968.

Compounds

were visualized by spraying the plates with p-nitrobenzene-diazonium
tetrafluoroborate (0 .1% in methanol) either before or after spraying
with 0.5 N methanolic NaOH (Miskus et al_. 1961).

The chromatograms

were also viewed under short wavelength ultra-violet light to detect
possible carbofuran metabolites containing the 3-keto functional group
(Metcalf et al. 1968).

IV.

Techniques Employed for Identification of Metabolites
A.

Thin-layer Cochromatography

Carbofuran metabolites extracted with dichloromethane from the
100 ml systems were compared to authentic samples of previously

reported metabolites.

Authentic samples used were carbofuran phenol,

3-keto carbofuran phenol, 3-hydroxy carbofuran phenol, 3-keto carbo
furan, 3-hydroxy carbofuran, and N-hydroxymethyl carbofuran.
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B.

Column Chromatography of Extracts of Large Scale Systems

In order to obtain quantities of metabolites sufficient for
identification by gas chromatography and mass spectrometry, the carbo
furan metabolizing system was scaled up to one 1 volumes of medium in
two 1 Erlenmeyer flasks.

Inoculation and conditions of incubation

were as described previously.

After 14 days, twelve liters of the

culture medium were adjusted to pH 6.0 with hydrochloric acid and 500
ml aliquots extracted with double volumes of dichloromethane. The
extracts were combined, treated with sodium sulfate, taken to dryness
on the flash evaporator, and taken up in 8 ml of diethylether. A one
liter culture system containing no carbofuran was treated in an iden
tical manner.
A 2.5 ml sample of the residues in diethylether was chromato
graphed as described by Metcalf et al. 1968, using a 2x30 cm chroma
tographic column packed with 100 mesh silicic acid (Mallinckrodt,
St. Louis, Mo.) from a slurry of hexane.

The metabolites were eluted

with the following sequence of solvents:

ether-hexane, 3:1, 300 ml;

chloroform 200 ml; ethylacetate, 300 ml; and methanol, 300 ml.

Thin-

layer chromatography as described previously, was carried out on each
8 ml fraction.

Metabolite-containing fractions were pooled, taken to

dryness on a flash evaporator, and the residues were dissolved in
diethylether.
1.

Thin-layer analysis of pooled fractions before and after

treatment with alkali. One ml samples were taken from each pooled
fraction and the ether evaporated.

The residues were dissolved in

1 ml of methanolic NaOH (0.5N) and placed in a water bath at 60°C for
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30 minutes.

The samples were neutralized by addition of methanollc HC1

and analyzed by thin-layer chromatography.

An Identical analysis was

performed on each fraction prior to alkali treatment.
2.

Gas chromatography. A Perkin-Elmer 990 and a Microtek

220 , both equipped with flame ionization detectors, were used for gas

chromatographic analysis of each fraction.
each instrument were as follows:

Columns and conditions for

Perkin-Elmer 990; column 6 ' x 1/8"

stainless steel; packed with OV-101 (10%) on Gas ChromQ, 100-120 mesh,
conditioned at 275°C; manifold and injector temperature, 250°C; initial
temperature, 80°C, final temperature, 200°C and hold; initial time,
1 minute delay; program rate, 8°/minute; carrier gas, nitrogen. Microtek
220, column 6 ' x 1/4" stainless steel, packed with OV-17 (3%) on Chromosorb W(HP), 80-100 mesh, conditioned at 275°C; detector temperature
245°C; injector temperature, 225°C; initial temperature, 80°C; final
temperature, 175°C and hold; initial time, 5 minute delay; program
rate, 2°C/min.; and carrier gas, helium.
Prior to injection, a portion of each fraction was taken to
dryness and 1 ml of Tri-Sil (Pierce Chemical, Rockford, 111.) in
pyridine was added for formation of trimethylsilylyl derivatives of
compounds with free hydroxyl groups.
at -10°C.

Silylated fractions were stored

Authentic samples of carbofuran metabolites were treated

identically.

Prior to injection of samples into the Microtek 220

instrument, pyridine was removed from each sample on a flash evapora
tor and the residue dissolved in benzene.
3.

Gas chromatography-mass spectrometry analysis of pooled

fractions. Several fractions having adequate concentrations of the
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metabolites of carbofuran were analyzed by combination gas
chromatography-mass spectometry.

The gas chromatograph (GC) was a

Perkin-Elmer 990 equipped with a splitter linked to a Hitachi PerkinElmer RMS-4 mass spectrometer.
follows:

GC column and conditions were as

9' x 1/4" stainless steel, packed with OV-17 (37.) on Chromo-

sorb W (HP), 80-100 mesh, conditioned at 275°C; manifold temperature,
200°C; injector temperature, 190°C; initial temperature, 100°C; final
temperature, 175°C and hold; initial time, 4 minutes delay; program
rate, l°/min.;

25cc/min flow.The mass spectrometer was operated at

1 and 10 x 10 gain, 60% scan,

V.

70eV, and 80

Metabolism of ^-^C-labeled Carbofuran
A.

Determination of Radioactivity in the Aqueous Phase, the
Extract. and the Fungal Mycelia

The ^^C-labeled insecticide (0.04 p,Ci) was added to 100 ml
systems (described previously in addition to unlabeled carbofuran at
a concentration of 100 ^g/ml culture medium.

Flasks were also pre

pared which contained no ^C-labeled carbofuran.

Inoculation and incu

bation conditions were identical to those described previously.

Flasks

with and without labeled carbofuran were treated as follows after 4, 6 ,
8 , 12, 18, and 30 days Incubation:

Prior to
culture medium

removal of themycelial mass, 200 y,l aliquotsof the
were placed inscintillation vials containing 15 ml

of Aquasol (New England Nuclear, Boston, Mess.) for counting.

The

fungus was then removed by vacuum filtration through Whatman no. 1
filter paper and the mycelia washed three times with 10 ml of
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physiological saline.
1 N HC1.

The filtrates were adjusted to pH 6.0 with

The adjustment was followed electrometrically for the non-

radloactive filtrates and an equal volume of acid was added to the
radioactive filtrates.
Extraction of the filtrates with dichloromethane was performed
as described previously.

The extracts of each filtrate were pooled,

dehydrated over sodium sulfate, taken to dryness on a flash evaporator,
and dissolved in 5 ml of methanol.

A 200 p,l sample of each extract

was placed in 15 ml Aquasol for counting.

Each extracted filtrate was

concentrated to 10 ml by lyophilization, and a 50 ^1 aliquot counted
in Aquasol.
In a separate experiment the amount of radioactivity in the
fungal mycelia was determined at intervals of 3, 5, 7, 10, and 17 days
in 100 ml systems containing 0.01 |^Ci of

labeled carbofuran.

After collection and washing as described previously, the mycelial
mass from each sampling time was placed on a tared watch glass and
dried to constant weight under vacuum at 60°C.

The dried mycelia were

ground with a mortar and pestle and known weights (approximating 10 mg)
were placed in Aquasol for counting.

A Beckman Liquid Scintillation

System (Model 200) was used for all radioactivity determinations.
B.

Determination of the Distribution of

in the Dichloro-

methane Extracts
With the exception of the use of 5 x 20 cm glass plates, thinlayer chromatography as described previously was used for separation
of the radioactive compounds after spotting 50 ^1 of each extract.
The plates were developed in ether-hexane 3:1 v/v > end the compounds
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were visualized by treatment with sodium hydroxide and p-nitrobenzenedlazonlum tetrafluoroborate.

Each fluoroborate positive spot, as well

as regions showing no color reaction, were scraped into vials contain
ing 15 ml 2,5-bi8-[5'-tert-butylbenzoxoxoyl (2')] thiophene scintilla
tion fluid (BBOT) as described by Synder, 1968.

A 50 y,l sample of

each extract was also counted for calculation of the percentage of
recovery from the thin-layer plates.
C.

Analysis of the Radioactive Aqueous Phase Concentrates
1.

Acid treatment. One ml of each aqueous phase concentrate

from the 6 through 30 day sampling times was treated with 1 ml of
1 N HC1 at 100°C for 30 minutes.

Each sample was centrifuged for 5

minutes at 5000 rpm, the supernatant liquid decanted and the sediment
was washed once with 2 ml of 0.5 N HC1.

The wash and supernatant

liquid of each sample were combined and extracted twice with double
volumes of dichloromethane.

The extracts were taken to dryness on a

flash evaporator and dissolved in 1 ml of methanol.

The acid treated,

extracted aqueous phases were lyophlllzed and the residue taken up in
2 ml of methanol.

Partitioning of the radioactivity was determined by counting
100 p,1 samples of the aqueous phase (in methanol) prior to acid treat

ment and each fraction produced after acid treatment and extraction.
Thin-layer chromatography was performed on each above fraction in etherhexane 3:1 v/v . Fluoroborate positive spots as well as non-reactive
zones on the plates were scraped into scintillation vials containing
15 ml of BBOT fluid and counted.
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2.

Enzymatic treatment. The radioactive components of the

aqu .ous phase concentrate from the system incubated for 30 days were
treated with arylsulfatase, acid phosphatase, 0 -glucosidase, and
3 -glucuronidase (Sigma Chemical Co., St. Louis, Mo.).

In prepara

tion for exposure to the enzymes, a 1 ml sample of the aqueous phase
was taken to dryness by lyophilization and the residue dissolved in
1 ml of methanol.

Radioactivity determinations were made on 50 ^1

samples prior to lyophilization and after methanol solubilization of
the residue.

Treatment with the enzymes was performed on thin-layer

plates by moistening dried spots of the sample with buffered solutions
of the enzymes as described by Metcalf et aL 1968.

Enzymatic activity

was detected on the plates by the addition of p-nitrophenyl substrates
(Sigma Chemical Co., St. Louis, Mo.).

The components of the spot on

each plate were as follows:
Plate A

50 ^,1 of the aqueous phase in methanol
20 ^1 of p-nitrophenyl-3 -o-gluco8e

(0.5% in methanol)
2 drops of 8 ~gluco8 ld**e (57. in
G.02 M phosphate buffer pH 6 .8 )

Plate B

50 p,1 aqueous phase in methanol
20 p,l p-nitrophenyl-3 -o-glucoside

Plate C

50 p,l aqueous phase in methanol
20 p,l p-nitrophenyl-8 -o-glucuronic

acid (0.57. in methanol)
2 drops 8 -blucuronidase (5% in 0.02
M phosphate buffer pH 6 .8 )
Plate D

50 ^1 aqueous phase in methanol
20 p,1 p-nitrophenyl-3-o-glucuronic

acid (0.57. in methanol)
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Plate E

50 (j.1 aqueous phase in methanol
20 ^,1 p-nitrophenyl phosphate 0 .57.

in methanol
2 drops acid phosphate (57. in 0.02
M acetate buffer pH 5)

Plate F

50 ^1 aqueous phase in methanol
20 p,l p-nitrophenolphosphate

(0.5% in methanol)
Plate G

50 p,l aqueous phase in methanol
20 jxl p-nitrophenylsulfate

(0.57. in methanol)
2 drops arylsulfatase (2.57. in 0.02
M acetate buffer pH 5.0)
Plate H

50 p.1 aqueous phase in methanol
20 p,l p-nitrophenylsulfate

Each plate was incubated at room temperature until the spots
were dry and then developed in ether-hexane 3:1 v/v. Compounds were
visualized by spraying with sodium hydroxide and the fluoroborate
reagent as described previously.

Fluoroborate positive spots as well

as non-reactive zones were scraped into scintillation vials with 15 ml
BBOT cocktail and counted.
VI.

Metabolism of Carbofuran Phenol by the Fungus.
Carbofuran phenol was substituted for carbofuran in the culture

system previously described.

The initial concentration of the compound

was 180 jxg/ml of culture medium as determined by the colorimetric
assay described previously.

Appropriate controls were also prepared.

After 14 days incubation, the systems were extracted and analyzed for
carbofuran phenol disappearance by both colorimetric and thin-layer
analysis as described previously.
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VII.

Metabolism of other N-methylcarbamatc Insecticides by
Aspergillus terreus
Eight otherN-methylcarbamates were exposed to the carbofuran

metabolizing system.

The trade name, chemical name, and source of

each of these compounds is shown below.
Zectran

4-dimethylamino-3,5-xylyl methylcarbamate
Dow Chemical Company, Wayside Miss.

Sevin

1-naphthy1-N-methylcarbamate
Union Carbide Corporation, Charleston, W. Va.

Bagon

O-isopropoxyphenyl methylcarbamate
Chemagro Corporation, Kansas City, Mo.

Carbamult

3-methyl-5-isoprophylphenyl-N-methylcarbamate
Nor-Am Agricultural Products, Inc.
Woodstock, 111.

Meobal

3 ,4-dimethylphenyl-N-methylcarbamate
Sumitomo Chemical Company, Ltd.
Osaka, Japan

Mesurol

4-(methylthio)-3,5-xylyl methylcarbamate
Chemagro Corporation. Kansas City, Mo.

Butacarb

3 ,5-di-t-butylphenyl methylcarbamate
Boots Pure Drug Company, Ltd.
Nottingham, England

Carzol

m-(dimethlaminomethylene amino)
phenyl methylcarbamate, hydrochloride
Nor-Am Agricultural Products, Inc.
Woodstock, 111.

All media, inoculation procedures, and incubation conditions
were identical to those described for the 100 ml carbofuran systems.
Sufficient volumes of either methanol or acetone stock solutions of
the methylcarbamatea were added to yield a concentration of 100 p,g/ml
culture medium.

Control systems consisted of the uninoculated insec

ticide containing medium and the inoculated medium without the
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insecticide.

After 14 days incubation each flask was extracted with

dichloromethane and analyzed by thin-layer chromatography as described
previously.

RESULTS AND DISCUSSION
I.

Choice of Isolates
Seven fungi were isolated from a soil perfusion system containing

carbofuran and subsequently tested for their capacity to metabolize
the insecticide in an enriched medium.

Colorimetric analysis of

carbofuran in the dichloromethane extract of each system suggested
that one of the isolates was superior to the others tested (Table 2).
A typical standard curve for the determination is shown in Figure 2.
TABLE 2
THE INFLUENCE OF ISOLATED SOIL FUNGI ON THE
CARBOFURAN CONCENTRATION IN AN ENRICHED
MEDIUM AFTER FIVE DAYS INCUBATION

Carbofuran Concentration (p,g/ml)

Fungus
Isolate

Initial

5 days

Percentage
Decrease

1

98

50

48.9

2

98

84

14.3

3

99

86

13.1

4

100

84

16.0

5

100

78

22.0

6

99

86

18.2

7

98

86

12.2

98

91

7.1

uninoculated
control
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Figure 2

Standard curve for the colorimetric determination of
carbofuran.
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Inasmuch as hydroxylated metabolites of the insecticide react with the
color reagent (p-nitrobenzenediazonium tetrafluoroborate), the results
presented in Table 2 may not be truly representative of the carbo
furan concentration.

Thus, thin-layer chromatography was performed

on each extract and the number of fluoroborate positive spots other
than the parent compound was determined (Table 3).

No fluoroborate

positive spots were observed for any system (inoculated or inunoculated) that did not contain the insecticide.

TABLE 3
THE NUMBER OF FLUOROBORATE POSITIVE COMPOUNDS
VISUALIZED OTHER THAN CARBOFURAN AFTER
THIN-LAYER CHR0M0T0GRAPHY OF THE
DICHLORCMETHANE EXTRACT OF EACH
FUNGUS ISOLATE SYSTEM

Isolate

Number of Compounds

1

4

2

1

3

0

4

0

5

2

6

1

7

0

uninoculated
control

0
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On the basis of the detection of four metabolites by thin-layer
chromatography and the apparent concentration decrease In carbofuran
and/or Its metabolites, soil Isolate 1 was chosen for further study.

II.

Identification of the Fungus Isolate
Based on both macroscopic and microscopic observations, the

fungus exhibited on morphology typical of the genus Aspergillus. The
observed characters (Table 4) compared with those described by Thom
and Raper (1945), led to the identification of the fungus as
Aspergillus terreus. According to Thom and Raper (1945), organisms

TABLE 4
CHARACTERS DETERMINED IN THE IDENTIFICATION
OF THE CARBOFURAN METABOLIZING FUNGUS

Morphological
Feature

Characters
Observed

conldial heads

columnar, compact, cinnamon colored

vesicles

hemispherical with upper two-thirds
covered by sterigmata

sterlgmata

two series of approximately equal
length primary - 5-6 microns long
secondary - 5-6 microns long

conidiophores

smooth, colorless

conidia

smooth, globose, 2-2.5 microns in
diameter

iscospores and perithecla

none

32
In the A. terreus group are typically found in soil in great abundance
The above statement coupled with a report that A. terreus metabolized
the N-methylcarbamate insecticide carbaryl (Liu and Bollag, 1971b),
suggests that these fungi may play a significant role in determining
the efficiency and persistence of the N-methylcarbamate insecticides.

III.

Identification of Metabolites
A.

Column Chromatography

Seven metabolite-containing fractions were recovered following
silicic acid column chromatography of a portion of the dichloromethane
extract of 12 1 of culture medium containing carbofuran and A. terreus
Subsequent thin-layer analysis of each fraction showed the presence
of eight fluroborate positive spots other than the parent compound
(Figure 3). Metabolites in fractions I-IV were eluted from the column
in ether-hexane (3:1 v/v).
chloroform.

Compounds in fractions V-VII eluted in

No metabolites were detected in ethylacetate and methanol

eluates.
Metabolites A, B, and C reacted with fluoroborate reagent prior
to treatment with NaOH indicating the absence of the carbamate group
and the presence of a free hydroxyl group presumably at the 7 position
of each compound.

Metabolites A, B, and C cochromatographed with

carbofuran phenol (Rf 0.94), 3-keto carbofuran phenol (Rf 0.87), and
3 hydroxy carbofuran phenol (Rf 0.75) respectively in ether-hexane
(3:1 v/v).

Metabolite B also showed blue fluorescence when viewed

under short-wave length ultraviolet light, as did the authentic samples
of 3-keto carbofuran phenol and 3-keto carbofuran.

This property has
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Figure 3.

Replica of a thin-layer chromatogram of pooled metabolite
containing column fractions. AS • authentic samples;
1 = carbofuran phenol; 2 « 3-keto carbofuran phenol; 3 ■
3-hydroxy carbofuran phenol; P ■ (parent compound) carbo
furan; 4 - 3-keto carbofuran; 5 and 6 - 3-hydroxy carbo
furan and N-hydroxymethyl carbofuran.
indicates trace
based on color intensity following visualization. Solvent
system - ether-hexane 3:1 v/v.
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been reported to be associated with the 3-benzofuranone ring (Metcalf
et al. 1968).
Metabolites D, E, F, G, and H were visualized with fluoroborate
reagent only after spraying with NaOH, suggesting that the carbamate
group was still present on these compounds.

The fluoroborate reactions

of metabolites F, G, and H prior to NaOH treatment may have been
masked due to the presence of a brown fungal pigment which remained
close to the origin in ether-hexane (3:1 v/v).

However, evidence will

be presented in the following section that indicates that the observed
reactions were valid.
Metabolite E cochromatographed with authentic 3-hydroxy carbo
furan (Rf 0.28) and N-hydroxymethyl carbofuran (Rf 0.28) which were
not resolved in ether-hexane (3:1 v/v).

Thus E may have been a mix

ture of those compounds, both of which have been previously reported
as carbofuran metabolites (Metcalf ejt al. 1968; Dorough, 1968a; 1968b).
The mobilities of unknowns D (Rf 0.43), F (Rf 0.16), G (Rf 0.08),
and H (Rf 0.00) did not correspond to any of the Rf values of authen
tic compounds available.

However, alkaline hydrolysis of fractions

containing these compounds yielded more information concerning their
identity.
B.

Alkali Treatment of Pooled Column Fractions

Exposure of carbofuran and/or its metabolites containing an
intact carbamate group to alkali results in the hydrolysis of the
carbamate ester linkage and the formation of the corresponding carbo
furan phenol derivative (Metcalf et al. 1968).

Treatment of silicic

acid column fractions I-VII with NaOH followed by thin-layer
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chromatography resulted in a change in the mobility of metabolites in
fractions IV-VI (Figure 4).

The Rf values of metabolites A and B in

fractions I and II were unchanged indicating that the carbamate group
was absent on these compounds as suggested previously by their reaction
with fluoroborate reagent.

Only the parent compound (P, Figure 3)

showed a mobility change in fraction III, being converted to carbo
furan phenol as evidenced by cochromatography with that compound
(Figure 4).

Metabolites D, E, F, G and H (Figure 3) in fractions

IV-VI were converted to compounds which cochromatographed with carbot

furan phenol and 3-hydroxy carbofuran phenol (Figure 4).

This further

indicated that compounds in these fractions had an intact carbamate
group and were modified either at the carbamate N and/or by hydroxylation at the 3-position of the benzofuran ring.

No spots were observed

after alkali treatment of column fraction VII, possibly due to the
small amount of metabolite H present.
The results of three previous investigations concerning carbo
furan metabolism appear to assist in assigning possible identities
to several metabolites present in fractions IV-VI.

While studying the

metabolism of the insecticide in rats, houseflies, and bean plants,
Dorough (1968a and 1968b) found traces of metabolites with intact
carbamate groups and similar Rf values (in ether-hexane 3:1 v/v) to
metabolites D, F, G, and H observed this study.

He tentatively

identified one compound (Rf 0.19), which was possibly the same as
metabolite F (Rf 0.16), as 3-hydroxy-N-hydroxymethyl carbofuran.

This

compound would yield 3-hydroxy carbofuran phenol upon hydrolysis as
observed in the present investigation.

The report by Liu and Bollag
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Figure 4.

Replica of a thin-layer chromatogram following alkali
treatment of pooled metabolite containing column fractions.
AS = authentic samples; 1 = carbofuran phenol; 2 = 3-keto
carbofuran phenol; 3 = 3-hydroxy carbofuran phenol (other
authentic samples); carbofuran, 3-keto c a r b o f u r a n 3hydroxy carbofuran, and N-hydroxymethy1 carbofuran appear
in either spots 1, 2, or 3. --- indicates trace amounts
based on color intensity following visualization.
Solvent system = ether-hexane 3:1 v/v.
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(1971b) that Aspergillus terreus metabolized carbaryl (1-naphthyl-Nmethylcarbamate) to 1-naphthylcarbamate suggests that carbofuran
might undergo a similar transformation.

If true, one could assign

tentative structures for two previously unidentified carbofuran metabo
lites which might account for the hydrolysis products observed in
fractions IV-VI.

The compounds would be 2 ,2-dimethyl-2,2-dihydro-

benzofuranyl-7-carbamate and 2 ,2-dimethy1-3-hydroxybenzafurany1-7carbamate which upon hydrolysis would yield carbofuran phenol and
3-hydroxy carbofuran phenol, respectively.
C.

Gas Chromatography of Pooled Column Fractions

In order to assist further in identification of the metabolites,
pooled column fractions and authentic samples were analyzed by gas
chromatography on both a non-polar (OV-101) and moderately polar
(OV-17) column.

Following trimethylsilylation, injection of a mix

ture of the authentic samples on the OV-17 column resulted in the
appearance of five peaks (Figure 5).

The peaks were identified after

injection of the individual components of the mixture.
Zielinski and Fishbein (1965) reported that N-methylcarbamate
insecticides undergo thermal dissociation under many gas chromato
graphic conditions to the parent phenol.
observed in this investigation.

Similar evidence was

Carbofuran, 3-keto carbofuran,

3-hydroxy carbofuran, and N-hydroxymethy1 carbofuran all yielded
peaks corresponding to 7-hydroxy ,derivatives of each compound in both
column systems, indicating loss of the carbamate group following
injection.

In addition carbofuran and N-hydroxymethy1 carbofuran

yielded peak B (Figure 5) on the OV-17 column.

Injection of
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Figure 5.

Replica of gas chromatogram of a mixture of samples of
carbofuran and its metabolites after treatment with
Tri-Sil.
Peak A-characteristic of carbofuran phenol,
carbofuran, and N-hydroxymethy1 carbofuran; peak Bcharacteristic of carbofuran and N-hydroxymethy1 carbo
furan; peak C-characteristic of 3-keto carbofuran phenol
and 3-keto carbofuran; peak D-characteristic of 3-hydroxy
carbofuran; peak E-3-hydroxy carbofuran.
Column 0V-17.

5

10

a

20
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authentic 3-hydroxy carbofuran resulted In the appearance of 2 peaks
(D and E, Figure 5).

The component exhibiting peak E apparently was

converted to the compound yielding peak D based on the disappearance
of E with time and an increase in the area under peak 0.

This was

possibly due to the decomposition of trimethylsilylated 3-hydroxy
carbofuran phenol to yield unsilylated 3-hydroxy carbofuran phenol.
Following trimethylsilylation, silicic acid column fractions
were injected on both column systems and the retention times of peaks
produced were compared to those shown by the authentic samples
(Table 5).

TABLE 5
RETENTION TIMES OF AUTHENTIC SAMPLES OF CARBOFURAN
AND ITS METABOLITES ON TWO DIFFERENT COLUMNS
OV-101 AND OV-17

Authentic
Sample

Retention Time (Min.)
OV-101
OV-17

carbofuran phenol

14.5

15.7

3-keto carbofuran phenol

16.0

22.5

3-hydroxy carbofuran phenol

18.5

26.5

carbofuran

1*+.5

15.7 (19.2)*

3-keto carbofuran

16.0

25.5

3-hydroxy carbofuran

18.5

26.5 (29.0)*

N-hydroxymethyl carbofuran

14.5

15.7 (19.2)*

♦retention time of second peak on OV-17.
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Fraction I, thought to contain carbofuran phenol on the basis of
thin-layer cochromatography, exhibited peaks with identical retention
tines to authentic carbofuran phenol.

Fraction II yielded two peaks

with retention times characteristic of authentic carbofuran phenol and
3-keto carbofuran phenol.

This finding was consistent with the tenta

tive identities assigned after thin-layer chromatography.

Fraction III,

thought to contain 3-hydroxy carbofuran phenol and carbofuran, showed
peaks identical to those produced by the authentic samples of those
compounds.

Fractions IV and V, containing metabolites D, E, F, G, and

H (Figure 3), exhibited peaks Identical to those produced by carbofuran
phenol and 3-hydroxy carbofuran phenol.

The results were consistent

with those obtained by thin-layer analysis of these fractions follow
ing alkaline hydrolysis and further suggest that metabolites D, E,
F, G, and H have an intact carbamate group and are modified either at
the 3-position and/or the carbamate group.

No peaks were observed

upon injection of fractions VI and VII possibly due to the low concen
tration of metabolites present.
Injection of a 200X concentrate of the extract of a one 1 culture
system without carbofuran showed one small peak with a similar reten
tion time to carbofuran phenol and two other peaks which did not coin
cide with those produced by the other carbofuran metabolites.

This

appeared to present no problem in the above gas chromatographic
analysis since similar peaks were not observed in any fraction follow
ing silicic acid column chromatography of the extract.
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D.

Gag Chromatography-Mass Spectometry of Pooled Metabolite
Containing Column Fractions

Mass spectral data were obtained on column fractions having
metabolite concentrations suitable for analysis.

Injection of samples

exposed to Tri-Sll resulted in the determination of molecular weights
consistent with the structures previously assigned to metabolites in
fractions I, III, IV and V and indicated that the compounds were not
esterlfied to the trimethyl silylyl group.

This was substantiated

by injection of authentic samples not exposed to Tri-Sil on the OV-17
column.

Peaks were observed with identical retention times to those

obtained by injection of authentic samples exposed to Tri-Sil.

Frac

tions I, III, IV, and V all showed the compound corresponding to
peak A (Figure 5) to have a molecular weight of 164 and fragmentation
patterns consistent with the structure of carbofuran phenol (Table 6 ).
Fractions III, IV, and V also exhibited the compound corresponding to
peak D (Figure 5) to have a molecular weight of 180 and fragmentation
patterns consistent with the structure of 3-hydroxy carbofuran phenol
(Table 6 ).

The fragmentation patterns of the metabolites were similar

as Indicated by peaks M/E 149, 131, 123, 122, and 121.
It would appear that after taking into consideration the results
presented in this and previous sections the identities of several
metabolites were confirmed and possible identities of others were
suggested.

Referlng to lettered metabolites (Figure 3), the identi

ties or possible identities were assigned as follows:

A “ carbofuran

phenol; B « probably 3-keto carbofuran phenol; C - 3-hydroxy carbo
furan phenol; P ■ parent carbofuran; D » unknown, but probably a

compound modified at the carbamate group by demethylatlon and/or the
3-position by hydroxylation; E - probably N-hydroxymethyl carbofuran
and 3-hydroxy carbofuran mixture; F ■ possibly 3-hydroxy-N-hydroxymethyl carbofuran; G - unknown, but possibly a compound modified at
the 3-position by hydroxylation and/or the carbamate group by
demethylatlon; and H - unknown, but yields either carbofuran phenol or
3-hydroxy carbofuran phenol upon hydrolysis.

TABLE 6
MASS SPECTRAL FRAGMENT PATTERNS OF METABOLITES IN
POOLED COLUMN FRACTIONS

Metabolite A
Carbofuran Phenol

M/E

164
149
131
123
122
121

(P+)

Metabolite C
3-Hydroxy Carbofuran Phenol

Relative
Intensity

100

(P+-CH3 )

85

(P+-CH5O)
(P+-C2HO)
(P+-C2H2O)
(P+-C2H3 O)

34
33
32
23

M/E

180
164
162
149
147
137
131
123
122

121
73
57
55
43

(P+)
(P+-CH4 or 0)
(P+-H2O)
(P+-C2H 7 or CH3 O)
(P+-CH5O)
(P+-C2H3O)
(149-H20)
(164-C2H0)
(I64 -C2H2 O)
(164-C2H30)
(C3H5O2 )
(C3H5O)
(C3H3O)
(C2H30)

Relative
Intensity

18
61
58
55
73
49
23
32
24
22

62
100

60
87
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IV.

Metabolism of ^C-labeled Carbofuran
Following the addition of aromatic ring-uniformly ^C-carbofuran

to A. terreua culture systems, a sample of unextracted culture medium,
the dichloromethane extract, and the extracted culture medium were
analyzed for radioactivity at different incubation times (Figure 6 ).
The relatively constant level of radioactivity In the culture
medium prior to extraction suggests that the formation of volatile
metabolites and/or release of 1^C02 from aromatic ring breakage were
not extensive over the 30-day incubation period.

However, a signifi

cant decrease was noted in the amount of radioactivity extracted by
dichloromethane from 6-30 days Incubation.

Accompanying the above

decrease was a corresponding increase in the level of radioactivity
in the extracted culture medium, indicating further metabolism of the
organo-extractable metabolites to compounds that were more watersoluble.

The uninoculated control showed almoet 1007L of the radio

activity in the dichloromethane extract following 30-days Incubation.
Similar observations have been reported in a number of Investigations
concerning carbofuran metabolism in plant, mammal, and insect systems
(Dorough, 1968a and b; Ivie and Dorough, 1968; and Metcalf, et al.
1968).

The conversion of organo-extractable carbofuran metabolites

to water-soluble compounds was attributed to the formation of conju
gates in these systems.

Also, Bollag and Liu (1971), while investi

gating the metabolism of the N-methy]carbamate, Sevln, by several soil
microorganisms, reported that with increasing incubation time the
amount of radioactivity increased in the aqueous phase following
extraction of culture media containing the ^C-labeled insecticide.

Figure 6 . Total radioactivity in A. terreua culture systems at
different Incubation times prior to and following
dichloromethane extraction.
• - culture medium prior
to extraction;
O m the dichloromethane extract;
■ * the extracted culture medium.

TOTAL COUNTS/MINUTE X

5

g

8

§

g
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The nature of the water-soluble radioactive material was not
determined.
Although the recovery of radioactivity following the removal
of the fungal mycelia and the extraction procedure ranged from 89.9
to 96.2% at the various incubation times, a separate experiment was
performed to determine if part of the radioactivity loss was due to
accumulation of carbofuran and/or its metabolites in the fungal
mycelia.

Based on the results presented in Table 7, it would seem

that most of the loss of radioactivity was due to some factor other
than accumulation of l^C-labeled compounds in the fungus.

TABLE 7
RADIOACTIVITY IN A. TERREUS MYCELIA AT
DIFFERENT INCUBATION TIMES

Dry Weight
of Mycelium
(grams)

Total cpm
in Mycelium

3

0.583

1,420

5

0.645

108

7

0.583

1,061

0.6

10

0.570

1,010

0.5

17

0.529

2,045

1.35

Incubation
Time (days)

A.

Percentage of
Total cpm in
Culture Medium

0.8

0.06

Distribution of radioactivity among the metabolites in the

dichloromethane extracts.
Previous reports have shown that carbofuran is metabolized in a
variety of plant, mammal, and insect systems by both oxidative and
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hydrolytic pathways (Metcalf et al. 1967, Metcalf et al. 1968;
Dorough, 1968a and b; Ivie and Dorough, 1968; and Knaak et al^ 1968).
Major organo-extractable metabolites were modified at the 3-position
by hydroxylation and further oxidation, at the N-methyl group by
hydroxylation, and at the 7-position by hydrolysis of the carbamate
ester linkage.
Similar observations were made in the present investigation
following thin-layer chromatography of each radioactive extract and
the subsequent quantitation of the radioactivity in each fluoroborate
positive spot (Table 8 ).
Only 27. of the radioactivity remained as carbofuran after 6 days
incubation, while 867. appeared in a fluoroborate positive spot which
cochromatographed with 3-hydroxy carbofuran and N-hydroxyroethyl
carbofuran.

Hydrolysis of the carbamate group did not appear to be

extensive during this time as only 5.2 and 0.997. of the radioactivity
appear as carbofuran phenol and 3-hydroxy carbofuran phenol respec
tively.

After 8 days incubation, the parent compound had completely

disappeared and the percentage of radioactivity of each extract
accounted for by 7-hydroxy compounds increased.

This trend continued

throughout the 30-day incubation period even though carbofuran phenol
was not detected in the 12 and 18-day extracts.

Thus the predominant

organo-extractable metabolites over the 30-day incubation period were
3-hydroxy carbofuran and/or N-hydroxymethyl carbofuran, 3-hydroxy
carbofuran phenol, and carbofuran phenol.

The other metabolites

occurred in small quantities, their concentration reaching a maximum
of 137. of the radioactivity only in the 12-day extract.

It should be

TABLE 8
DISTRIBUTION OF 14C-IABEL AMONG ORGANO-EXTRACTABLE METABOLITES
AT DIFFERENT INCUBATION TIMES

Tentative identity^, Rf value®, and percentage of total cpm applied for chromatography by each
flouroborate positive spot

Incubation
time (days)

Unknown
Rf (0 .0 )

Unknown
Rf ( 0 .0 7 )

N-hydroxymethyl
and/or 3-hydroxy
carbofuran
Rf ( 0 . 2 4 )

0

-

-

-

4

-

-

13.9

-

84.3

-

-

6

1.4

2.0

86.0

1.9

2.0

0.99

5.2

8

2.9

7.0

69.5

1.5

-

9.1

7.8

12

3.7

9.3

56.9

-

-

26.8

-

18

3.5

4.7

41.8

-

-

45.9

-

30

5.3

-

28.1

-

-

52.6

3.1

30U

-

-

-

Jnknown^
Rf (0.38)

Carbofuran
Rf (0.58)

3-Hydroxy
Carbofuran
Phenol
Rf (0.67)

-

98.9

-

-

-

96.9

-

Carbofuran
Phenol
Rf (0.93)

2.0

A - identities based on results of cochromatography with authentic carbofuran and metabolites;
B - solvent system ether-hexane 3:1 v/v; C - compound probably modified at the 3-position and/or the
N-methyl by hydroxylation or demethylatlon; U - uninoculated control.
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noted also that two metabolites observed In large scale systems were
not detected in the extracts o£ the media containing l^C-labeled
carbofuran.

Metabolite B (Figure 3), tentatively Identified as

3-keto carbofuran phenol and metabolite F (Figure 3), possibly
3-hydroxy-N-hydroxymethyl carbofuran either were not formed or did not
accumulate In the culture media during the 30-day Incubation period.
Recovery of radioactivity following thin-layer analysis of each
extract would seem to Indicate the reasonable accuracy of the attempts
to quantitate the metabolites In each extract.

Percentage recoveries

are shown in Table 9.

TABLE 9
RECOVERY OF RADIOACTIVITY FROM THIN-LAYER CHROMATOGRAMS
OF EXTRACTS AT DIFFERENT INCUBATION TIMES

Time (days)

cpm
Applied

cpm
Recovered

Percentage
Recovery

0

5034

4825

95.8

4

5072

4997

98.5

6

4097

3952

96.5

8

2515

2638

100,9

12

1678

1584

94.4

18

1348

1291

95.8

30

742

728

98.1

30*

5256

5067

96.4

* » uninoculated control
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Although photodecomposition (Crosley et al. 1965) and chemical
hydrolysis (Metcalf et aJL 1968) have been shown to occur with a num
ber of N-methylcarbamate insecticides including carbofuran, these
factors seemed to be negligible in these experiments since after 30
days incubation the uninoculated control showed only 2\ of the radio
activity as carbofuran phenol.

Approximately 96.97L of the l^C-label

cochromatographed with authentic carbofuran.
B.

The Aqueous Phase

A number of investigators have reported the formation of watersoluble conjugates from hydroxylated metabolites of carbofuran in a
variety of metabolizing systems including plants, mammals, and insects
(Dorough, 1968a and b; Ivie and Dorough, 1968; Knaak et al. 1968;
and Metcalf et al. 1968).

However, in only one case (Metcalf et al.

1968) has a conjugated metabolite been isolated and chemically charac
terized.

A glucoslde conjugate of 3-keto carbofuran phenol, isolated

from cotton leaves, was demonstrated by infrared and mass spectro
metry.

Other reports of conjugation of carbofuran metabolites are

based on the appearance of previously known organo-soluble metabolites
upon thin-layer analysis of acid and enzyme treated systems containing
water-soluble metabolites.
In the present investigation, acid treatment of the radioactive
aqueous phases resulted in the release of ^C-labeled organoextractables (Table 10).
A significant loss of radioactivity was observed following acid
treatment, extraction, lyophilizatlon, and solubilization of the
residues of the aqueous phases in methanol (Table 10).

The uptake
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of the residues in methanol Is thought to be responsible for the
reduced recovery, based on the results of a separate experiment In
which It was shown that approximately 207. of the radioactivity was
lost after lyophlllzatlon and solubilization of residues of untreated
aqueous phases In methanol.

However, the above step was performed

routinely to facilitate analysis of the aqueous phases by thin-layer
chromatography.

TABLE 10
CONVERSION OF 14C-LABELED WATER-SOLUBLE COMPOUNDS
TO ORGANO-EXTRACTABLES BY ACID TREATMENT

Aqueous
Phase*
cpm/ml

Aqueous
Phase
cpm/ml

Extract3
cpm/ml

6

8,656

2,626

4,460

81.8

8

23,018

8,030

10,412

80.0

12

31,958

11,680

12,740

76.3

18

33,586

12,096

13,080

74.9

30

37,842

11,320

16,680

83.0

Aqueous
Phase
Sample

Radioactivity
Recovered
7.

1 - aqueous phase prior to acid treatment and extraction.
2 - aqueous phase In methanol following acid treatment and

extraction.
3 * dichloromethane extract In methanol of the aqueous phase
following acid treatment.

Carbofuran metabolites previously found In quantity only in the
Initial dichloromethane extracts were shown to be liberated from the
aqueous phases following acid treatment by subsequent thin-layer
analysis (Table 11).

TABLE 11
THIN-LAYER CHROMATOGRAPHIC ANALYSIS OF THE AQUEOUS PHASES PRIOR TO ACID TREATMENT,
FOLLOWING ACID TREATMENT AND EXTRACTION, AND THE EXTRACTS OF ACID TREATED SYSTB4S

Tentative identity^, Rf value®, and percentage of total cpm applied for
chromatography in fluoroborate positive spots corresponding
to authentic metabolites

Sample

N-hydroxymethy1
and/or 3-hydroxy
carbofuran
Rf (0.27)

3-hydroxy
carbofuran
phenol
Rf (0.71)

3-keto
carbofuran
phenol
Rf (0 .86 )

carbofuran
phenol
Rf (0.93)

6 day

aqueous
phase^
aqueous
phase^

-

-

-

-

dichloromethane
extract3

-

8.4

-

-

_

3.5

-

6.1

-

-

8 day

aqueous
phased
aqueous
phase^
dichloromethane
extract3

7.3

21.8

Table 11 (continued)

12 day

aqueous
phase*

-

3.5

-

-

aqueous
phase^

-

5.8

-

-

14.0

10.4

-

19.0

18 day
aqueous
phase*

-

5.0

-

-

aqueous
phase^

-

7.4

-

-

dichloromethane
extract-*

-

21.1

-

19.7

30 day
aqueous
phase *

-

4.3

-

-

aqueous
phase^

-

4.9

-

-

dichloromethane
extract^

•

28.8

12.8

17.4

dichloromethane
extract^

A-identity based on cochromatography with authentic carbofuran metabolites; B-solvent system ether-hexane
3:1 v/v; 1-aqueous phase in methanol prior to acid treatment and extraction; 2-aqueous phase in methanol
following acid treatment and extraction; 3-dichloromethane extract of acid treated aqueous phase.
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Based on cochromatography with authentic samples, known compounds
liberated by the acid treatment were carbofuran phenol, 3-keto carbo
furan phenol, 3-hydroxymethyl carbofuran.

Carbofuran phenol, which was

present at low levels or absent in the initial dichloromethane extracts
(Table 8 ) in the 8 , 12, and 18-day samples was found following acid
treatment of the aqueous phases of these samples.

A compound thought

to be 3-keto carbofuran phenol, which was not detected in the initial
dichloromethane extracts of the ^C-carbofuran systems, was observed
in the extract of the acid treated 30-day sample.

This would seem to

indicate that it was formed late in the incubation period and was
rapidly converted to the water-soluble form, or that some water-soluble
3-hydroxy metabolite was oxidized to the 3-keto compound.
The majority of the

l ^ C - l a b e l

remained close to the origin (less

than Rf 0 .10) on chromatograms of all aqueous phases examined, ranging
from 84.9 - 93.07. in aqueous phases prior to acid treatment and from
52.5 - 73.57. in aqueous phases following acid treatment and extraction.
The percentage of the applied cpm remaining close to the origin on
chromatograms of dichloromethane extracts of acid treated aqueous
phases ranged from 7.3 - 12.3.

Also found in extracts of the acid-

treated aqueous phases were a number of radioactive fluoroborate posi
tive compounds which did not correspond in Rf value to any identified
or tentatively identified metabolite previously observed in this inves
tigation.

One major unknown metabolite (Rf 0.17) contained 20.8 and

22.7% of the ^C-label in the 6 and 8 -day extracts respectively.
Other unidentified radioactive fluoroborate positive compounds found
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in extracts of acid treated aqueous phases were located at Rf 0.13,
0.29, 0.31, and 0.39 in ether-hexane 3:1 v/v.
Significant amounts of radioactivity were detected in fluoro
borate negative zones on chromatograms of extracts of the acid treated
aqueous phases.

In one case 17.07» of the applied ^C-label was found

in a fluoroborate negative region (corresponding to Rf 0.71 - Rf 1.00)
on the chromatogram of the 6 -day acid treated aqueous phase.

The

above statements suggest that the insecticide may be modified more
extensively by A. terreus than has been reported for other carbofuran
metabolizing systems.
Because acid liberation of organo-extractable compounds has been
used by a number of investigators in describing water-soluble carbo
furan metabolites as conjugates, one would be tempted to also charac
terize the ^C-containlng water-solubles observed in this investigation
as conjugates.

However, no evidence was found in the literature which

indicated that fungi have the capacity to conjugate hydroxylated com
pounds.

As a possible alternative to conjugate formation, Schulgln

and Baker (1963) have reported the conversion of o-(p-methylallyl)
phenol to 2,2 dimethyl-2,3-dihydrobenzofuran by refluxlng at 198199°C in an acidic solvent system of 2,6-xylenol.

Although conditions

were quite different in this investigation (0.5 N HC1, 100°C for 30
min,), it is possible that if the water-soluble metabolites were
o-(B-methylallyl) phenol derivatives (resulting from cleavage of the
furan ring of carbofuran), exposure to acid might cause ring closure
and the formation of previously observed intact benzofuran ring con
taining metabolites.

These might include metabolites detected in the

initial dichloromethane extracts.
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Based on the report that @-glueosIdase treatment of conjugates
of carbofuran metabolites on thin-layer plates resulted in the release
of aglycones characterized as 3-hydroxy carbofuran and 3-keto carbo
furan phenol (Metcalf et^ al. 1968), an attempt was made to demonstrate
release of organo-extractable metabolites from the 30-day aqueous
phase by treatment with B-glucosidase, g-glucuronidase, acid phospha
tase and arylsulfatase. Thin-layer analyses in ether-hexane 3:1 v/v)
were performed on enzyme treated samples and control samples not treated
with the enzymes.

Radioactivity was determined in each fluoroborate

positive spot following development of the chromatograms.

The results

are presented in Table 12.
Enzymatic activity on thin-layer plates was determined by
utilizing p-nitrophcnyl substrates of each enzyme in control spots.
The release of p-nitrophenol (R f 0 . 7 6 ) from each substrate was detected
only from spots containing the enzyme specific for that substrate.
Visualization of p-nitrophenol was made by spraying with NaOH follow
ing development of the chromatogram.
Liberation of organo-soluble metabolites was not observed fol
lowing treatment of aqueous phase from the 30-day culture with the
four enzymes, indicating that the water-soluble metabolites, if conju
gates, were not glucosides, glucuronides, sulfates, or phosphates.

V.

Metabolism of Carbofuran Phenol by Aspergillus Terreus
The metabolism of carbofuran phenol by A. terreus was followed

by both colorimetric and thin-layer analysis.

Colorimetric analysis

showed a decrease in the apparent carbofuran phenol concentration from
180 jig/ml initially to 3 y,g/ml after 14 days incubation.

A decrease
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TABLE 12
RADIOACTIVITY IN FLUOROBORATE POSITIVE SPOTS
FOLLOWING THIN-LAYER CHROMATOGRAPHY OF THE
30-DAY AQUEOUS PHASE TREATED WITH
VARIOUS ENZYMES

Enzyme
Treatment

cpm per FB*
Positive Spot

Rf

Value

Tentative
Identity

0,-glucosidase

1292.7
65.5
58.6

0.00
0.68
0.86

unknown
3-hydroxy carbofuran phenol
3-keto carbofuran phenol

untreated
control

1285.0
71.3
60.2

0.00

0.67
0.86

unknown
3-hydroxy carbofuran phenol
3-keto carbofuran phenol

8-glucuronidase

1161.8
59.1
51.7

0.00
0.68
0.86

unknown
3-hydroxy carbofuran phenol
3-keto carbofuran phenol

untreated
control

1267.0
67.6
59.2

0.00
0.68
0.86

unknown
3-hydroxy carbofuran phenol
3-keto carbofuran phenol

aryl sulfatase

1201.8

61.3
53.6

0.00
0.68
0.86

unknown
3-hydroxy carbofuran phenol
3-keto carbofuran phenol

untreated
control

1251.3
71.1
56.7

0.00
0.68
0.86

unknown
3-hydroxy carbofuran phenol
3-keto carbofuran phenol

acid phosphatase

1280.0
60.0
61.4

0.00
0.68
0.86

unknown
3-hydroxy carbofuran phenol
3-keto carbofuran phenol

unt rested
control

1206.1

0.00
0.68
0.86

unknown
3-hydroxy carbofuran phenol
3-keto carbofuran phenol

68.8

58.0

1--FB ■ fluoroborate
2 --ldentlty based on cochromatography with authentic samples.
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was also noted in the uninoculated control from 180 (j,g/ml initially
to 140 iig/ml during the same incubation period.

At least a portion

of the above losses might be accounted for by volatilization of the
compound during concentration of the dichloromethane extracts.
Dorough (1968b) has reported a 25% loss in l^C-labeled carbofuran
phenol during concentration of extracting solvents and further loss
in autoradiography of chromatograms.
Thin-layer analysis of the extracts of inoculated carbofuran
phenol systems showed complete disappearance of that compound and the
appearance of two other fluoroborate positive metabolites one of which
was tentatively identified as 3-hydroxy carbofuran phenol on the basis
of cochromatography with the authentic samples of that compound
(Figure 7).

The identity of the other compound (R f 0.34) is unknown,

however a compound with similar Rf value was observed in the 8 -day
extract of *^C-carbofuran containing systems (Table 8).

No fluoro

borate positive spots were observed in the analysis of inoculated and
uninoculated culture medium extracts which did not contain carbofuran
phenol.

A comparison of the extracts of inoculated and uninoculated

systems containing carbofuran phenol indicates that the disappearance
of the compound and appearance of two fluoroborate positive spots were
the result of metabolism of carbofuran phenol by A. terreus.
Although most metabolites of carbofuran thus far detected appear
to be less toxic based on cholinesterase inhibition (Metcalf e£ al.
1968), the hydrolysis product (1-naphthol) of the N-methylcarbamate
carbaryl has been shown to be more toxic to microorganisms than the
parent compound (Bollag and Liu, 1971).

Similar observations have been
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Figure 7.

Replica of a thin-layer chromatogram of extracts of an
Aspergillus terreus culture system containing carbofuran
phenol and appropriate controls. 1 = inoculated medium,
no carbofuran phenol; 2 * uninoculated medium and carbofurar phenol; 3 * authentic carbofuran and metabolites,
A * carbofuran phenol, B ■ 3-keto carbofuran phenol, C ■
3-keto carbofuran phenol, C ■ 3-hydroxy carbofuran phenol,
D - carbofuran, E * 3-keto carbofuran, F and G * unresolved
3-hydroxy carbofuran and N-hydroxymethyl carbofuran.
4 ■ inoculated medium + carbofuran phenol; and 5 *
uninoculated medium, no carbofuran phenol.
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made by Stewart e£ a_l. (1967) in which 1-naphthol was found to be
twice as toxic as carbaryl to fish.

Even though toxicity studies were

not done in the present investigation, the demonstration of further
metabolism by A. terreus of the hydrolysis product of carbofuran
(carbofuran phenol) will assume more significance upon evaluation of
the toxic effects of the degradation products of the insecticide on
the ecosystem.

VI.

Metabolism of Other N-methylcarbamate Insecticides by Aspergillus
terreus
The carbofuran-degrading microorganism was tested for its

ability to metabolize eight other N-methylcarbamates.

Evidence was

found that all of the insecticides and/or their decomposition products
were modified by the fungus (Table 13).
The parent compounds which had completely disappeared in A.
terreus culture systems extracted after 14 days incubation were Zectran,
Sevln, Carbamult, Meobal, Mesurol, Butacarb, and Carzol.
Meobal had also disappeared in the uninoculated controls.

Zectran and
With the

exception of Mesurol and Butacarb, all the insecticides showed at
least one fluoroborate positive spot other than the parent compound
in the uninoculated controls.

In most cases the compounds present

in the uninoculated systems were not detected in the A. terreus cul
ture systems suggesting further metabolism of these compounds by the
fungus.

No fluoroborate positive spots were detected in controls

which did not contain the insecticides.
Based on the above finding that A. terreus has the capacity to
modify eight N-methylcarbamates other than carbofuran and the

65
organism's reported abundance In nature (Thom and Raper, 1945), the
potential exists for this microorganism to play a major role in deter
mining the persistence, efficacy, and toxicity of the N-roethylcarbamate insecticides currently in use.

TABLE 13
THIN-LAYER CHROMATOGRAPHIC ANALYSIS FOR DETECTION OF
METABOLISM OF OTHER N-METHYLCARBAMATES BY A. TERREUS

Rf Value
Insecticide

A

B

C

Zectran

0.71

0.43
0.81

0.43
0.48
0.90

Sevin

0.61

0.62
0.95

0.47

Baygon

0.65

0.65
0.95

0.25
0.37
0.44
0.65

Carbamult

0.74

0.75
0.91

0.31
0.37
0.50

Meobal

0.67

0.22

0.28
0.37

0.37
0.78
Mesurol

0.72

0.72

0.42
0.67

Butacarb

0.86

0.86

0.96

Carrol

0.13

0.13

0.71

A ■ authentic sample in ether-hexane 3:1.
B ■ fluoroborate positive compounds in the extract of the uninoculated
control.
C ■ fluoroborate positive compounds in the extract of inoculated systems.
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